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ABSTRACT 


#1  To  validate  various  theoretical  models  used  in  the  design  and 
specification  of  a  proposed  satellite-borne,  ship-detection,  ocean- 
surveillance  radar,  an  airborne  test-bed  radar  system  has  been  devel¬ 
oped  and  used  to  acquire  experimental  data.  The  major  operating 
and  performance  parameters  of  the  test-bed  radar  are  either  identical 
to  or  are  scaled  to  the  equivalent  parameters  of  the  satellite  sensor. 

(9)  The  analysis  of  experimental  data  acquired  with  the  test-bed 
radar  indicates  that  the  satellite  radar  system  should  meet  the  objec¬ 
tive  of  automatically  detecting  ship  targets  with  radar  cross  sections 
equal  to  or  greater  than  200  square  meters.  The  analysis  of  the  ex¬ 
perimental  data  covers  a  variety  of  ships,  ship  aspects,  ship  lengths,  sea 
states,  and  grazing  angles.  All  of  the  ship-target  data  analyzed  re¬ 
sulted  in  measures  of  processed -radar-video  signal/(clutter  plus  noise) 
ratios  {SI(C  +  N))  greater  than  16  dB.  The  same  data  normalized  for 
a  satellite  sensor  system  indicates  that  the  16-dB  S/(C  +  N)  required 
for  automatic  detection  would  be  realized  for  200-square-meter  ship 
targets. 

(U)  The  experimental  data  confirm  that  for  the  0.016-second  inter¬ 
pulse  time  period  the  sea  clutter  is  for  practical  purposes  completely 
decorrelated. 
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ANALYSIS  OF  EXPERIMENTAL  DATA  FROM 
A  SCALED  OCEAN-SURVEILLANCE  RADAR 
[Unclassified  Title] 


SUMMARY 

Objectives 

(S)  An  experimental,  airborne,  scaled  radar  sensor  was  used  for  the  study,  evaluation, 
and  validation  of  a  proposed  satellite-borne  ocean-surveillance  radar.  This  report  de¬ 
scribes  the  scaled  radar  system  (test-bed  radar),  the  data  acquisition  program,  and  the 
initial  results  of  the  analysis  of  the  experimental  data. 

(|^)  The  primary  objective  of  the  program  was  to  provide  experimental  data  that  could 
be  applied  to  the  validation  of  the  predicted  performance  of  a  proposed  noncoherent, 
sidelooking,  satellite-borne  radar.  Secondary  objectives  included  the  formation  of  a  library 
of  magnetic-tape  records  of  wideband  radar  video  for  a  variety  of  targets  and  sea  states 
for  the  subsequent  laboratory  development  of  automatic-target-detection  circuitry  and 
logic,  the  design  and  development  of  a  solid-state  digital  data  processor,  and  the  develop¬ 
ment  and  evaluation  of  components  and  subsystem  elements  for  satellite-bome  radars. 


Conclusions 

(•)  Detection  and  Signal/(Clutter  Plus  Noise)  —Large  and  small  ship  targets  were  detected 
with  the  test-bed  radar  at  steep  (28°)  and  shallow  (1.5°)  grazing  angles  in  sea  states  of 
1  to  5.  Analysis  of  the  experimental  data  indicates  that  the  proposed  satellite-borne  radar 
sensor  will  be  capable  of  the  required  automatic  detection  of  a  fluctuating  200-square- 
meter  ship  target.  The  experimental  data  confirm  that  with  appropriate  data  processing 
an  output  of  greater  than  16  db  for  the  signal/(clutter  plus  noise)  ratio  can  be  con¬ 
sistently  achieved  for  ship  targets  with  radar  cross  sections  of  200  or  more  square  meters. 

(t)  Sea-Clutter  Decorrelation  —In  the  NRL  parametric  analysis  of  satellite-borne  ocean- 
surveillance  radars  it  was  postulated  that,  for  the  pulse  repetition  frequency  selected,  the 
sea  clutter  would  be  decorrelated.  Experimental  data  acquired  with  the  test-bed  radar 
confirms  that  for  the  minimum  0.016-second  interpulse  period  the  sea  clutter  on  a  pulse- 
to-pulse  basis  is  decorrelated. 

(U)  Radar  Cross-Section  Measurements  —Experimental  radar  cross-section  measurements 
on  small  ship  targets,  ideally  located  so  as  to  include  the  entire  target  within  a  single 
resolution  cell,  compare  well  with  the  cross  sections  of  similar  targets  measured  with  a 
calibrated,  precision  radar. 
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Ocean  Oil-Well  Platforms  and  Icebergs  —Offshore  oil-well  platforms  and  icebergs 
constitute  shiplike  radar  targets  which  must  be  accounted  for  in  an  ocean-surveillance 
radar  system.  Analysis  of  a  limited  data  sample  for  these  two  types  of  targets  indicates 
that  ship-sized  radar  cross  sections  are  the  normal  expectation  and  that  the  population 
density  was  a  high  as  4  icebergs  and  9  oil-well  platforms  per  100  square  nautical  miles. 

(U)  Radar-Video  Magnetic-Tape  Library  —Unprocessed  wideband  (chirp)  radar  video  data 
for  a  variety  of  ship  targets,  target  aspects,  sea  states,  ranges,  and  grazing  an^es  have  been 
recorded  on  magnetic  tape.  The  magnetic-tape  library  is  made  up  of  32  rolls  of  tape 
recorded  in  flight,  with  each  tape  containing  approximately  40  minutes  of  radar  data. 


INTRODUCTION  AND  BACKGROUND 

(#)  Since  1967  the  NRL  Aerospace  Radar  Branch  has  been  engaged  in  the  study,  analysis, 
specification,  and  development  of  systems,  techniques,  and  components  related  to  the  de¬ 
velopment  of  satellite-borne  radar  sensor  systems  for  the  worldwide  surveiUance  of  surface 
ocean-ship  traffic  (1-9).  One  of  the  more  recent  studies  (10)  develops  the  philosophy, 
problems  and  solutions  involved  in  the  use  of  an  aircraft-borne  scaled  radar  sensor  for  the 
study,  evaluation,  and  validation  of  a  proposed  satellite-borne  ocean-surveillance  radar 
sensor.  Major  factors  considered  in  the  subject  scaling  study  are  shown  in  Table  1. 


Table  1  (Unclassified) 

Factors  Considered  in  Scaling  the  Radar  System 


Performance  Considerations 

Examples  of  Critical  Parameters 

Target  Response 

Frequency 

Pulse  length 

Grazing  angle 

Platform  velocity 

Receiver  bandwidth 

Power 

Target  size 

Clutter  effects 

Frequency 

Azimuth  beamwidth 

Pulse  length 

Grazing  angle 

Integration  improvement 

Azimuth  beamwidth 

Pulse  repetition  frequency 
Platform  velocity 

Environmental  factors 

Frequency 

Grazing  angle 
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(U)  This  report  describes  the  subject  aircraft-borne  test-bed  radar,  the  data  acquisition 
effort,  and  the  initial  results  of  the  reduction  and  analysis  of  the  experimentally  acquired 
radar  data. 

(#)  The  primary  objective  of  the  test-bed-radar  program  was  to  provide  experimental 
data  that  could  be  applied  to  the  validation  of  the  theoretically  predicted  performance  of 
a  proposed  noncoherent  sidelooking  satellite-borne  radar.  Additional  objectives  of  the 
program  included  the  formation  of  a  library  of  radar  video  tapes  for  a  variety  of  ship 
targets  and  sea  conditions  for  subsequent  laboratory  clutter-target  studies  and  particularly 
for  the  laboratory  development  and  optimization  of  automatic  target  detection  tech¬ 
niques,  logic,  and  circuitry;  the  design  and  development  of  a  solid-state  digital  radar  data 
processor;  and  the  development  and  evaluation  of  components  and  subsystem  elements 
which  were  considered  as  having  a  potential  for  use  in  a  satellite-borne  radar  system. 


RADAR  SYSTEM  PARAMETERS 

(#)  Major  parameters  for  the  satellite-borne  ocean-surveillance  radar  (OSR)  system,  the 
reference  system,  and  the  scaled  airborne  test-bed  radar  are  shown  in  Table  2.  Two 
separate  antennas  and  two  corresponding  sets  of  operating  conditions  apply  for  use  of  the 
test-bed  radar.  This  marked  departure  from  the  reference  system  is  a  result  of  the  scaling 
requirements  and  an  intent  to  evaluate  scaled  performance  at  the  two  potentially  most 
critical  radar  coverage  regions:  for  the  far-range  shallow  grazing  angle  and  the  near-range 
steep  grazing  angle.  Resolution-cell  dimensions  for  the  satellite-borne  system  are  approxi¬ 
mately  50  ft  in  range  depth  by  4.3  n.mi.  in  arc  length  for  the  steep  grazing  angle  and  50 
feet  in  range  depth  by  an  arc  length  of  12  n.mi.  at  the  1.5°  grazing  angle.  These  two  cells 
are  the  footprints  for  the  near  and  far  ranges  of  the  OSR  system  and  are  nearly  matched 
by  the  two  separate  antennas  provided  for  the  test-bed  radar. 

(U)  The  test-bed  radar  is  described  in  Appendix  A. 

AIRBORNE  DATA  ACQUISITION 
Flight  Operations 

(U)  Two  types  of  flight  geometries  were  specified  for  data  acquisition.  One  for  radar 
data  at  steep  grazing  angles  and  short  ranges  (5  to  6  n.mi.)  required  that  the  aircraft  fly 
20-n.mi.  data  tracks  with  the  alignment  as  indicated  in  Fig.  la.  The  majority  of  the 
short-range,  steep-grazing-angle  flints  were  conducted  with  the  project  aircraft  maintain¬ 
ing  an  altitude  of  15,000  feet.  On  some  flights  the  aircraft  track  was  modified  to  provide 
the  modified  box  pattern  shown  in  Fig.  lb,  which  provided  an  opportunity  to  acquire 
data  on  the  target  bow,  beam,  and  stern.  When  practicable  the  aircraft  position  and  flight 
path  was  checked  and  related  to  shore-based  navigational  aids  such  as  TAG  AN. 
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(a)  Aircraft  track  for  acquiring 
data  at  both  steep  and  shallow 
grazing  angles.  For  data  at  the 
steep  grazing  angles,  the  aircraft 
altitude  was  about  15,000  feet 
and  the  slant  range  was  about  5 
n.mi.;  for  data  at  the  shallow 
grazing  angles,  the  aircraft  alti¬ 
tude  was  about  12,000  feet  and 
the  slant  range  was  about  60 
n.mi. 


(b)  Modified  box  pattern  of  aircraft  tracks  at  steep 
grazing  angles  for  acquiring  data  for  bow,  beam,  and 
stern  aspects 


Fig.  1  (Unclassified)— Flight  operations 

(U)  The  second  type  of  flight  path  was  that  required  for  acquiring  data  at  long  range 
and  shallow  grazing  angles  (Fig.  la).  The  majority  of  these  flights  were  flown  with  the 
aircraft  maintaining  an  altitude  of  12,000  feet.  The  flight  path  specified  was  such  that 
initial  tracks  were  parallel  to  the  track  of  the  surface  vessel  and  at  closest  approach  had  a 
slant  range  of  60  n.mi.  Aircraft  data  tracks  for  the  long-range  data  were  also  20  n.mi.  in 
length  with  the  midpoint  of  the  track  coinciding  with  the  target  abeam  position. 

(U)  On  all  flights  the  targets  were  targets  of  opportunity.  The  routine  procedure  was  to 
search  for  a  target  while  the  test-bed  system  was  becoming  thermally  stabilized.  After 
the  targets  course  and  heading  were  determined,  the  aircraft  would  take  up  station  to 
provide  the  required  data  tracks.  When  the  situation  permitted,  either  at  the  beginning 
or  the  end  of  a  series  of  data  tracks,  the  aircraft  would  descend  to  200  or  300  feet  and 
pass  within  1/4  n.mi.  of  the  target  for  photographic  documentation  of  the  target  and  sea 
state. 


Data  Acquisition 

(U)  The  Ampex  AR-500  wideband  (6-MHz)  video  magnetic  tape  recorder  was  the  primary 
data  recorder.  The  wideband  video  channel  of  the  recorder  was  used  to  record  the  un¬ 
processed  radar  video,  a  marker  pulse,  the  system  reference  trigger  (PRF)  pulse,  and  pulse- 
width-coded  antenna-azimuth  data.  The  format  of  the  video  data  tape  is  shown  in  Fig.  2. 


6 


D.F.  HEMENWAY 


l>ts  Ims 


TT  minrfflininniniiii 


RADAR  VIDEO 
•2  MILUSECONDS- 
-3  MILLISECONDS- 


kl  I  00  10  0  0  I  10  10  0/ 


ANTENNA  ANGLE 


Fig.  2  (Unclassified)— Format  of  data  recorded  on  video 
tape 


(U)  An  auxiliary  channel  of  the  AR-500  recorder  was  used  for  recording  data  on  the 
system  status;  the  aircraft  altitude,  velocity,  and  heading;  and  notations  on  the  in-flight 
observation  of  target  returns  displayed  on  the  several  oscilloscopes  and  the  PPI.  A  block 
diagram  of  the  airborne  data  recording  system  is  shown  in  Fig.  3. 


Fig.  3  (Unclassified)— The  airborne  data-recording  system 


(U)  During  the  initial  hour  of  flight  operations  a  routine  of  radar  status  checks  and  system 
calibration  measurements  were  carried  out.  The  video  tape  recorder  was  used  to  record  some 
of  the  system  calibration  data  such  as  pulse  lengths,  timing,  minimum  detectable  signal,  and 
receiver  linearity.  The  first  2  to  3  minutes  of  record  time  for  each  video  tape  used  in  flight 
contains  a  signal  to  test,  calibrate,  and  align  the  recorder. 


NRL  REPORT  7388 


7 


(U)  At  the  start  of  a  data  run  the  AR-500  recorder  was  started  and  the  unprocessed  radar 
video  data  was  recorded  continuously  for  the  duration  of  a  nominal  20-n.mi.  aircraft  track 
past  the  target.  For  the  initial  detection  of  a  selected  target,  for  checks  on  the  alignment  of 
the  aircraft  track  throughout  a  run,  and  for  a  track  history  to  confirm  target  identification, 
it  was  necessary  to  start  data  runs  with  relatively  high  transmitter  powers.  During  a  run  the 
transmitter  power  would  be  reduced  incrementally  up  to  the  point  of  closest  approach 
to  the  target.  The  incremental  power  changes  with  range  require  a  normalization  of  power 
and  signal  levels  to  match  the  scaled  values  indicated  in  Appendix  C  for  the  points  of 
closest  approach  (Tables  Cl  and  C2). 

(U)  At  the  end  of  a  20-n.mi.  data  run  the  tape  recorder  was  stopped  and  additional  sys¬ 
tem  calibration  measurements  were  made  during  the  5  to  10  minutes  required  for  the  air¬ 
craft  to  be  turned  and  realigned  for  the  reverse  or  next-scheduled  data  track.  Two  or 
more  data  runs  were  made  for  each  target  aspect. 

(U)  The  time  available  per  roll  of  magnetic  tape  (40  to  43  minutes)  was  sufficient  to 
record  radar  video  data  for  four  to  six  aircraft  data  runs.  The  airborne  data-acquisition 
phase  of  this  program  has  resulted  in  32  rolls  of  magnetic  tape  with  test-bed-radar  video 
data. 

(U)  The  solid-state  digital  data  processor  was  used  regularly  during  data  acquisition  runs, 
with  a  real-time  display  of  the  processor  data  output  being  used  as  an  in-flight  monitor 
of  processor  performance.  An  A-scope  display  of  the  processed  video  data  was  occasion¬ 
ally  recorded  with  an  oscilloscope  camera.  Lengthy  records  of  processed  radar  video 
were  not  recorded  in  flight.  One  purpose  and  intended  use  of  the  tape  records  is  a  source 
of  unprocessed  video  which  can  on  playback  in  a  laboratory  enviroment  be  processed  by 
a  variety  of  operations  that  may  be  evaluated  during  the  development  and  optimization 
of  an  automatic  detection  capability. 


DATA  ANALYSIS 
Target  Identification 

(U)  Test-bed-radar  video  data  has  been  acquired  on  various  targets.  The  data  selected 
for  analysis  in  this  report  is  for  a  few  unique  or  representative  targets.  The  target  data 
analyzed  is,  with  one  exception,  for  positively  identified  targets.  An  oil  tanker  approxi¬ 
mately  400  feet  long  was  the  one  unidentified  ship  target  for  which  some  data  are  pre¬ 
sented.  The  data  are  included  because  they  provide  a  good  example  of  enhancement  by 
the  radar  processor  of  a  ship  target  in  heavy  sea  clutter. 

(U)  The  necessity  of  having  to  acquire  data  on  only  targets  of  opportunity  did  present  a 
problem  of  identification.  Positive  target  identification  was  based  on  a  combination  of 
visual  and  radar  checks  on  the  target  position  relative  to  the  aircraft  before,  during,  and 
after  data  runs;  on  low-altitude  photographic  runs  past  the  target  to  record  topside  struc¬ 
tural  details  and  particularly  to  photograph  the  vessel’s  name;  and  a  check  on  the  targets 
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physical  characteristics  with  those  listed  in  references  such  as  Lloyd’s  Register  of 
Ships  (11,  12). 

(U)  The  determination  of  ship  aspects  for  noncooperative  targets  at  long  range  is  an  ad¬ 
ditional  problem  in  determining  the  target  status.  The  two  sets  of  long-range  (shallow- 
grazing-angle)  data  on  ships  included  in  the  data  analysis  are  the  result  of  fortunate  cir¬ 
cumstances.  In  one  case  the  target  (Tresfonn,  Fig.  4a)  was  observed  anchored  far  offshore, 
and  the  ship  heading  was  imchanged  between  initial  and  final  observations.  The  second 
positively  identified  target  observed  at  long  range  was  a  U.S.  Coast  Guard  cutter  (OwascOy 
Fig.  4b)  which  was  cooperative  and  confirmed  ship’s  heading  by  radio  during  the  course 
of  data  runs. 


(a)  A  bulk  cargo  carrier,  the  557'foot  Tresfonn 


Fig.  4  (Unclassified  )--Target  ships  whose  aspects  were 
known  at  long  range 

(U)  The  majority  of  the  targets  encountered  were  large  vessels  from  400  to  700  feet  long. 
These  large  vessels  were  of  three  types:  oil  tankers  (Figs.  5a  and  5b),  bulk  cargo  carries 
(Fig.  4a),  and  container  ships  (Fig.  5c),  with  the  oil  tankers  being  the  most  frequently  ob¬ 
served.  Targets  observed  with  lengths  from  100  to  400  feet  included  tankers,  coastal 
steamers,  container  ships,  freighters,  tugs,  and  fishing  boats. 

(U)  Unique  targets  for  which  data  were  acquired  include  Texas-tower  structures  such  as 
the  light  station  Chesapeake  off  of  Norfolk,  Virginia,  and  the  oceanographic  platform 
Argus  Island  (Fig.  6a)  25  miles  southwest  of  Bermuda.  Somewhat  similar  targets  are  a 
variety  of  oil-well  platforms  30  to  40  miles  off  the  Louisiana  Coast  (Fig.  6b).  Other 
xmique  targets  were  two  icebergs  (Fig.  7). 
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(b)  The  U.S.  Coast  Guard  254-foot  high-endurance  cutter,  Owasco/ 

WHEC-39  (Coast  Guard  photograph) 

Fig.  4  (Unclassified)— Target  ships  whose  aspects  were  known  at 

long  range 

(U)  For  each  class  of  target  analyzed  in  this  report  additional,  as  yet  unprocessed  and 
analyzed  data  exist  on  targets  of  a  similar  class.  As  an  example,  this  report  includes  data 
on  the  positively  identified  128 -foot  stern  trawler  Lady  Maria  (Fig.  8a).  Radar  data  was 
also  acquired  on  a  nearly  identical  but  unidentified  stern  trawler  (Fig.  8b).  A  cursory 
inspection  of  the  radar  video  data  from  the  unidentified  trawler  did  not  indicate  radar 
characteristics  significantly  different  from  those  of  the  Lady  Maria,  Because  of  more 
data  as  well  as  a  positive  identification,  the  Lady  Maria  was  selected  as  the  representa¬ 
tive  small-ship  target  for  detailed  analysis. 

(U)  Each  of  the  targets  specifically  referred  to  in  the  data  analysis  is  listed  in  Table  3, 
and  all  of  these  targets  are  shown  in  Figs.  4  through  8. 
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(c)  A  container  ship,  the  695-foot  Atlantic  Champagne 


Fig.  5  (Unclassified)— Large  vessels  used  as  targets 
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(a)  Argus  Island,  an  oceanographic  research  platform  25 
miles  southwest  of  Bermuda 


(b)  A  cluster  of  oil-well  platforms  off  the  Louisiana  coast 


Fig.  6  (Unclassified)— Offshore  platforms  used  as  targets 
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Fig.  7  (Unclassified)--The  small  (nearest)  and  large  (more 
distant)  icebergs  used  as  targets 


Data  Reduction 

The  steps  in  reducing  the  unprocessed  radar  video  data  start  with  selection  of  a  data 
run  and  playback  of  the  video  data  on  the  ground-based  Ampex  AR-900  wideband  mag- 
netic  tape  recorder  and  reproducer.  The  laboratory  equipment  setup  for  the  playback, 
display,  and  processing  of  the  radar  video  tapes  is  shown  in  Fig.  9.  Either  the  unprocessed 
radar  video  or  one  of  15  overlapping  10-mile  range  segments  of  processed  video  can  be 
displayed  on  the  PPL 

(U)  In  reducing  the  data  the  sample-and-hold  circuitry  is  set  for  a  range-bin  position 
known  to  include  the  desired  target.  On  video-tape  playback  the  start  of  a  data  load 
results  in  1024  successive  samplings  of  the  signal  level  for  a  fixed-range  resolution  cell. 
Figure  10  is  a  representation  of  the  successive  azimuth  positions  (one  position  per  radar 
pulse)  at  which  the  received  signal  is  gated  and  sampled  at  a  fixed  range.  The  individual 
cell  shown  in  Fig.  10  is  not  representative  of  a  radar  resolution  cell.  The  azimuth  dimen¬ 
sion  of  the  bin  shown  in  Fig.  10  is  representative  of  the  time  and  arc  length  associated 
with  successive  sampling  intervals,  and  is  directly  related  to  the  dot  symbol  which  repre¬ 
sents  the  pulse-to-pulse  progression  of  the  antenna  beam  center  as  the  antenna  rotates. 


(U)  The  peak  volte^e  sampled  in  each  successive  range  bin  is  held  for  the  interpulse  inter¬ 
val,  during  which  time  that  signal  is  processed  by  an  analog-to-digital  converter.  Each 
successive  data  value  is  temporarily  stored  in  the  direct  memory  access  unit.  On  com¬ 
mand  the  data  in  the  direct  memory  access  is  called  and  provides  the  driving  signals  for 
the  XY  plotter,  a  teleprinter,  and  a  paper-tape  punch. 

(U)  The  punched  tape  record,  a  binary-coded  digital  representation  of  the  sampled  video 
voltage  levels,  for  both  the  unprocessed  and  the  processed  radar  video,  becomes  the 
secondary  source  of  data  for  additional  processing  on  a  Hewlett-Packard  2116B  general- 
purpose  computer  or  for  processing  on  the  larger  CDC-3800  computers.  The  types  of 
output  obtained  to  date,  many  of  which  are  included  in  this  report,  include 
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(a)  The  1 28-foot  Lady  Maria 


(b)  Unidentified 

Fig.  8  (Unclassified)~Stern  trawlers  used  as  targets 


Table  3  (Unclassified) 

General  Information  on  Selected  Test-Bed-Radar  Targets 
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RANGE,  SAMPLED  FOR 
1024  CONSECUTIVE  PULSES 


Fig.  10  (Unclassified)— A  diagramatic  representation  of 
the  successive  sampling  of  data  in  range  bins  located  at  a 
fixed  range 


•machine-computer  plots  of 

Unprocessed  radar  video:  signal/(clutter  plus  noise) 
Processed  radar  video :  signal/ (clutter  plus  noise) 
Autocorrelation  coefficients 
Power  spectrum 


•computations  of 

Unprocessed  video:  rms  signal/( clutter  plus  noise) 
Processed  video:  peak  signal/rms  (clutter  plus  noise) 
Normalized  signal/ (clutter  plus  noise)  ratios 
Experimental  radar  cross  sections 
Autocorrelation  coefficients. 


Signal/( Clutter  plus  Noise) 

(•)  The  signal/(clutter  plus  noise)  {S/(C  +  N))  ratios  serve  as  measures  of  the  radar- 
system  detection  performance.  By  prior  analysis  (10)  an  output  from  a  radar-signal  pro¬ 
cessor  with  a  S/(C  +  N)  of  16  dB  or  more  is  necessary  to  assure  the  required  system  per¬ 
formance.  That  required  performance  calls  for  automatic  detection  of  targets  with  a 
90-percent  probability  of  detection  of  a  fluctuating  target  whose  average  radar  cross  sec¬ 
tion  is  200  square  meters,  in  all  sea  states,  and  with  a  probability  of  false  alarms  of  10  1®. 

(#)  Figures  11  through  24  (except  Fig.  16)  are  reproductions  of  some  of  the  computer/ 
machine  plots  of  unprocessed  and  processed  radar  video  from  which  S/(C  +  N)  ratios  have 
been  calculated.  The  data  plots  shown  in  Figs.  11a  and  11b  represent  the  signal  voltage 
sampled  at  a  fixed  radar  range  for  1024  successive  radar  pulses  (data  points)  and  displayed 
in  sequence.  The  data  in  Fig.  11a  are  for  unprocessed  radar  video  and  were  acquired  with 
the  test-bed-radar  antenna  scanning  at  approximately  5  rpm.  The  resulting  data  plot  shows 
the  noiselike  character  of  the  successive  sea-clutter  returns  for  data  sampled  at  a  fixed 
range  and  a  succession  of  1024  azimuth  antenna  positions. 

(•)  At  about  data  point  410  the  signal  returns  from  the  target,  the  trawler  Lady  Maria, 
become  distinguishable  from  sea  clutter  and  noise.  Target  returns  associated  with  the 
trawler  merge  into  the  general  clutter-noise  level  at  about  data  point  465.  The  envelope 
formed  by  the  target  record  reflects  the  modulation  of  the  received  target  data  by  the 
azimuth  pattern  of  the  scanning  radar  antenna.  The  antenna  scan  rate  was  32  degrees 
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Fig.  11a  (Stai^)— Unprocessed  radar  video  for  1024  successive  pulses  sampled  at  a  fixed  range,  show¬ 
ing  sea  clutter  and  radar  returns  from  the  stern  trawler  Lady  Maria 
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Fig.  lib  (JMBifc)— Processed  radar  video  for  the  same  data  as  in  Fig.  11a 
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per  second,  and  the  antenna  3-dB  azimuth  beamwidth  was  44  degrees.  With  a  62.5-pps 
pulse  repetition  frequency  a  discrete  target  would  be  Oluminated  by  86  pulses  while 
within  the  3-dB  beamwidth  of  the  scanning  antenna.  The  width  of  the  target  data  of 
about  55  pulses  in  Fig.  11a  is  then  appropriate  for  a  small  ship  tai^et. 

(U)  Table  4,  contains  a  record  of  the  successive  pulse  voltages  associated  with  each  data 
point  of  Fig.  11a.  The  development  of  the  SI{C  +  N)  ratio  for  the  data  plotted  in  Fig. 
11a  is  a  combined  manual-and-computer  procedure.  On  the  basis  of  an  examination  of  a 
plot  like  that  of  Fig.  11a  a  range  of  successive  pulses  is  selected  for  a  clutter-plus-noise 
reference,  and  an  estimate  is  made  as  to  the  number  of  successive  pulses  associated  with 
the  ship  target.  The  selected  limits  for  the  clutter-plus-noise  sample  and  target  data  pulses 
are  incorporated  in  a  computer  routine  for  the  computation  of  S/(C  +  N)  ratios. 

#)  In  Fig.  11a,  and  Table  4,  a  data  point  is  a  PRF  pulse  and  a  quantum  level  is  equiva¬ 
lent  to  9.77  millivolts.  The  dc  component  for  the  data  shown  is  equal  to  0.36  volts.  The 
root-mean-square  (rms)  value  for  the  ac  component  of  the  clutter  and  noise,  based  on 
pulses  1  to  200  and  600  to  800  is  0.31  volt.  The  rms  value  for  the  ac  component  of  the 
target  signal,  pulse  411  to  465,  is  1.15  volts.  The  S/(C  +  N)  ratio  for  the  unprocessed 
radar  video  data  shown  in  Fig.  11a  is  then  determined  to  be  11.3  dB  (20  X  log  (1.15/ 
0.31)). 

(0f  Processing  the  same  video  data  used  to  obtain  Fig.  11a  with  the  feedback  integrator 
(digital  signal  processor  in  Fig.  9)  produces  the  plot  shown  in  Fig.  11b.  The  S/{C  +  N) 
ratios  for  the  processed  data  are  based  on  the  peak  signal  versus  the  rms  value  of  the  ac 
component  of  the  clutter  plus  noise.  The  rms  value  of  the  processed  clutter  plus  noise, 
from  pulse  101  to  400,  was  determined  to  be  0.022  volt,  and  the  peak  processed  target 
signal  was  measured  as  0.92  volt.  The  ratio  of  the  peak  signal  value  to  the  irms  clutter- 
plus-noise  value  was  then  found  to  be  32.2  dB  (20  X  log  (0.92/0.022)). 

(Jl)  The  two  S/iC  +  N)  values,  11.3  and  32.3  dB  for  vmprocessed  and  processed  radar 
video,  are  derived  from  experimental  data,  with  the  target  being  the  stern  trawler  Lady 
Maria,  The  two  ratios  were  based  on  data  acquired  at  a  slant  range  of  6.2  n.mi.,  at  an 
aircraft  altitude  of  15,000  feet,  and  with  a  peak  transmitter  power  of  416  watts.  The 
target  azimuth  aspect  was  approximately  45°.  Table  Cl  in  Appendix  C  indicates  that  for 
the  proper  scaling  relationship  the  power  for  a  15,000-foot  altitude  and  a  6.2-n.mi.  range 
should  have  been  100  watts  instead  of  416  watts.  Radar  cross  sections  and  subsequent 
normalizing  of  power  or  target  size  were  computed  using  the  following  form  of  the  radar 
equation: 


P  = 

^  av 


Ji:(4,r)3r,B„iVo(PRF)R4  [^) 


G2  X2  S,(n) 


SMc) 


watts, 


(1) 


for  which  definitions  of  the  units  and  associated  relationships  are  presented  in  Appendix  D. 
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Table  4  (Secret) 

Pulse-to-Pulse  Signal  Levels  for  the  Unprocessed  Radar  Video  Shown  in  Fig.  11a. 
(The  second  column  in  the  table,  as  an  example,  gives  data  points  51  through  100.) 
The  blocked-in  data  are  pulses  411  through  465  associated  with  the  Lady  Maria 
in  Fig.  11a.  Values  are  quantum  levels;  1  quantum  level  =  9.77  millivolts. 
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(§)  Using  Eq.  (1)  and  experimental  data  acquired  within  the  linear  dynamic  range  of  the 
receiver,  the  target  radar  cross  section  Oj>  was  computed  (Table  5).  The  same  form  of  the 
equation  was  then  solved  for  a  normalized  S/{C  +  N)  ratio  using  the  experimental  radar 
cross  section  and  a  scaled  power  of  100  watts.  The  amount  of  processor  gain  measured 
prior  to  scaling  was  applied  equally  to  normalized  data.  For  the  present  example,  prior 
to  normalizing  the  processor  gain  was  measured  as  21.1  dB.  After  normalizing  the  un¬ 
processed  data,  an  rms  SI(C  +  N)  ratio  of  8.1  dB  was  computed;  adding  the  equivalent 
processor  gain  of  21.1  dB  results  in  a  normalized  processor  S/{C  +  N)  ratio  of  29.2  dB. 
This  development  of  a  normalized  S/(C  +  N)  ratio  for  both  the  unprocessed  and  processed 
video  data  is  supported  by  measurements  in  which  the  normalization  process  was  bypassed 
and  transmitter  power  levels  were  changed  by  3-dB  and  6-dB  factors;  the  resulting  un¬ 
processed  and  processed  Sl{C  +  N)  ratios  were  within  1  dB  of  the  theoretically  predicted 
values. 


20 


D.F.  HEMENWAY 


Table  5  (Secret) 

Radar  Cross  Sections  Measured  With  the  Test-Bed  Radar 


Target 

Sea 

State 

Range 

(n.mi.) 

Grazing 

Angle 

(deg) 

Aspect 

Angle* 

(deg) 

Cross  Section 

Square 

Meters 

dBsm 

Lady  Maria 

3 

4.5 

33.3 

90 

660 

28.2 

3 

6.2 

23.5 

46 

710 

28.6 

3 

8.1 

17.5 

48 

340 

25.3 

Owasco 

1 

4.0 

37.7 

0 

180 

22.5 

1 

4.9 

30.6 

180 

255 

24.1 

1 

6.9 

21.9 

90 

3140 

35.0 

1 

63.1 

1.8 

90 

6530 

38.1 

Texaco  Wyoming 

5 

6.0 

24.4 

34 

1100 

30.4 

5 

6.6 

22.0 

30 

1400 

31.4 

5 

7.9 

18.1 

25 

1020 

30.1 

Mobil  Aero 

5 

6.3 

23.1 

33 

1770 

32.5 

5 

8.3 

17.4 

23 

1880 

32.7 

Atlantic  Champagne 

3 

9.9 

14.9 

19 

1280 

31.1 

Tresfonn 

4 

61.5 

1.8 

25 

3100 

34.9 

Argus  Island 

3 

5.7 

25.8 

— 

1910 

32.8 

4 

58.3 

2.2 

— 

5130 

37.1 

Oil  wells 

3 

5.7 

25.8 

— 

7220 

38.6 

3 

58.3 

1.8 

— 

1270 

31.0 

Small  iceberg 

2 

4.5 

33.3 

— 

320 

25.0 

Large  iceberg 

2 

4.6 

32.5 

860 

29.3 

*Bow  aspect  is  0° ,  beam  aspect  is  90° ,  and  stern  aspect  is  180° . 


Thus  with  the  S/(C  +  N)  ratios  based  on  a  normalized  transmitter  power,  values  of 
8.1  and  29.2  dB  respectively  for  the  unprocessed  and  processed  video  are  representative 
of  values  that  would  be  expected  with  the  referenced  satellite  radar  sensor  system.  That 
is,  the  satellite  radar  system  at  a  200-n.mi.  altitude  and  with  600  watts  of  transmitter 
power  would  for  the  same  target,  aspect,  grazing  angle,  and  sea  state,  produce  approxi¬ 
mately  a  29.2-dB  S/(C  +  N)  ratio  at  the  output  of  the  data  processor. 


(#)  The  radar  system  performance  measured  for  different  targets  can  be  compared  by 
normalizing  the  radar  cross  sections  of  the  specific  targets  to  a  200-square-meter  radar 
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target.  Continuing  with  the  same  Lady  Maria  data  of  the  preceding  discussion,  the  com¬ 
puted  radar  cross  section  was  710  square  meters.  Thus  the  Lady  Maria  for  that  specific 
set  of  conditions  had  a  cross  section  5.5  dB  greater  than  the  200  square  meters  of  the 
reference  target.  Normalizing  the  target  radar  cross  section  to  200  square  meters  then  re¬ 
sults  in  an  indicated  S/(C  +  N)  ratio  of  —2.8  dB  for  the  unprocessed  video  and  23.7  dB 
for  the  processed  video. 

(9  Figures  12a  through  12d  are  derived  from  the  same  data  set,  with  Fig.  12a  being  for 
improcessed  video  data  and  the  remaining  three  plots  being  for  varying  integration  feed¬ 
back  ratios.  (This  data  set  is  for  a  different  data  run  than  that  represented  in  Figs.  11a 
and  11b.)  The  rms  S/(C  +  N)  ratio  for  the  unprocessed  video  in  Fig.  12a  was  measured 
as  10.6  dB.  The  S/{C  +  N)  ratios  for  the  processed  video  was  21.9,  28.5,  and  24.1  dB  re¬ 
spectively  for  feedback  factors  of  0.938,  0.969,  and  0.984.  These  feedback  factors  are 
representative  of  the  feedback  inflation  of  16,  32,  and  64  successive  pulses. 

(U)  Figures  12b,  12c,  and  12d  show  the  effect  of  variation  of  the  feedback  integration 
factor  on  the  8/(0  +  N)  ratios  achieved  and  show  that  the  greatest  processor  gain  was  in 
this  instance  achieved  with  a  feedback  factor  of  0.969. 


Fig.  12a 


;)— Unprocessed  radar  video  data  showing  radar  returns  from  sea  clutter,  the  trawler 
Lady  Maria,  and  land  clutter  at  the  extreme  right  of  the  data  sample 
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Fig.  12b 


) — ^Processed  radar  video  for  the  same  data  as  in  Fig.  12a  with  a  feedback  factor  of 

0.938 
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Fig.  12c  (■P»i)~-Processed  radar  video  for  the  same  data  set  as  Fig.  12a  with  a  feedback  factor  of 

0.969 
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Fig.  12d  Processed  radar  video  for  the  same  data  as  in  Fig.  12a  with  a  feedback  factor  of 

0.984 

(S)  Figures  13a  and  13b  are  of  interest  in  that  they  show  the  system  performance  for  a 
ship  target  immersed  in  saturation  sea  clutter.  In  the  plot  of  unprocessed  video  data  (Fig. 
13a)  the  target  can  be  discerned  by  the  absence  of  the  deep  minima  associated  with  the 
sea  clutter.  In  the  plot  of  the  processed  data  (Fig.  13b)  the  target  is  more  readily  dis¬ 
cerned;  however  the  target-to-clutter  ratio  in  this  extreme  case  is  too  low  to  meet  the  re¬ 
quirements  for  automatic  target  detection. 

(U)  Figures  14a  and  14b  are  plots  of  unprocessed  and  processed  radar  video  returns  from 
the  container  ship  Atlantic  Champagne,  Of  interest  in  these  plots  are  the  spiky  nature  of 
the  clutter  and  the  appearance  of  land  clutter  at  the  extreme  right  in  the  plotted  data. 

(S)  Figures  15a  and  15b  are  plots  for  the  Atlantic  Champagne  which  illustrate  a  part  of 
the  problem  involved  in  detecting  a  ship  target  when  it  is  operating  in  coastal  waters.  The 
source  data  for  the  two  plots  are  identical.  There  is  however  an  offset  between  the  two 
plots;  the  ship  returns  for  the  unprocessed  data  are  associated  with  data  points  400 
through  490,  whereas  for  the  processed  data  the  ship  returns  are  associated  with  data 
points  360  to  440.  Inspection  off  these  plots  shows  that  the  ship  returns  tend  to  be 
masked  by  land  clutter.  For  the  example  shown  the  antenna  was  scanning  in  a  clockwise 
direction,  so  that  the  ship  returns  were  received  first  and  then  the  land  clutter  returns. 

In  this  example,  without  prior  knowledge  as  to  the  ship  location,  a  positive  distinction 
could  not  have  been  made  between  the  ship  returns  and  the  land  clutter.  As  presently  con¬ 
figured  the  data-processing  system  is  incapable  of  an  automatic -target  detection  for  a  ship 
target  near  a  land/sea  interface  when  the  geometry  is  such  that  the  land  clutter  is  included 
within  the  same  resolution  cell  as  the  target. 
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Fig.  13a  Unprocessed  radar  video  data  for  an  oil  tanker  about  400  feet  long  with  the  signal 

immersed  in  heavy  sea  clutter 
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Fig.  14a  Unprocessed  radar  video  for  the  Atlantic  Champagne,  showing  sea  Clutter  and  also 

land  clutter 


Fig.  14b  (4i■■iiik)--Pro cessed  radar  video  for  the  same  data  as  in  Fig.  14a 
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Fig.  15a  Unprocessed  radar  video  data  for  the  Atlantic  Champagne  near  land 


— ^Processed  radar  video  for  the  same  data  as  in  Fig.  15a  (but  offset  about  40  pulses 

to  the  left) 


Fig.  15b  ( 
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(f)  The  favorable  geometry  for  detection  close  to  land  in  Fig.  16a  represents  the  condi¬ 
tions  for  the  first  set  of  Atlantic  Champagne  data  of  Figs.  14a  and  14b.  The  unfavorable 
geometry  in  Fig.  16b  represents  the  situation  for  the  Atlantic  Champagne  data  of  Figs. 

15a  and  15b.  In  both  cases  the  ship  is  approximately  the  same  distance  offshore;  it  is  the 
relative  position  of  the  radar  that  makes  the  geometry  either  favorable  or  unfavorable. 


(a)  Favorable  (b)  Unfavorable 

Fig.  16  Geometries  favorable  and  unfavorable 


(^)  Figures  17a  and  17b  are  plots  of  data  for  the  tanker  Mobil  Aero,  For  this  data  set 
the  targetlike  returns,  particularly  noticeable  in  the  record  of  processed  data  (Fig.  17b) 
near  data  points  120  and  260,  may  be  from  sea  clutter  or  from  small  trawlers  observed 
to  be  operating  around  the  track  of  the  Mobil  Aero.  The  cause  of  the  minor  signal  peaks 
in  this  instance  cannot  be  resolved  positively,  because  the  tracks  of  the  small  fishing 
trawlers  were  not  recorded  or  confirmed  by  visual  data  records. 

(#)  The  remaining  sets  of  unprocessed  and  processed  radar-video  data  are  shown  in  Figs. 
18  through  24. 

(U)  Table  6  is  a  tabulation  of  the  S/{C  +  N)  ratios  developed  for  each  of  the  targets 
selected  for  analysis  in  this  report.  As  described  earlier,  the  “experimentar*  ratios  are 
those  derived  directly  from  the  experimental  data  acquired  with  the  airborne  test-bed 
radar. 

(»  The  second  set  of  S/(C  +  N)  ratios  are  the  result  of  normalizing  the  radar  transmitter 
powers  to  levels  that  match  the  particular  requirements  for  scaling  to  the  satellite  radar 
system.  The  resulting  second  set  of  ratios  are  representative  of  the  ratios  to  be  anticipated 
for  the  receiver-video  and  data-processor  outputs  of  the  specified  reference  satellite  radar 
sensor  system.  In  this  second  set  of  ratios,  with  one  exception,  the  processor  output  for 
all  targets  is  greater  than  the  required  16.0  dB.  The  one  exception  is  a  ratio  of  15.5  dB 
obtained  for  a  ship  target  (the  Owasco)  whose  aspect  was  such  that  the  radar  cross  section 
within  a  50-foot  range  resolution  cell  was  180  square  meters  (Table  5)  rather  than  the 
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ORTA  raiKTS 


Fig.  18b  (SIWlPfr)“Processed  radar  video  data  for  the  same  data  as  in  Fig.  18a 
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Fig  19a  — Unprocessed  radar  video  data  for  Argus  Island  acquired  at  a  steep  grazing  angle 

(25.8°) 
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Fig.  20a  (ai*k)—Unprocessed  radar  video  data  for  Argus  Island  acquired  at  a  shallow  grazing  angle 

(2.2°) 


DRIB  POINTS 

) — Processed  radar  video  data  for  the  same  data  as  in  Fig.  20a 


Fig.  20b  (I 
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Fig.  21a  — Unprocessed  radar  video  for  ocean  oil-well  platforms  acquired  at  a  grazing  angle 

of  25.8° 


^(HBMit)— Processed  radar  video  for  the  same  data  as  in  Fig.  21a 


Fig.  21b 


Fig.  22a  () 


)— Unprocessed  radar  video  for  oil  wells  observed  at  long  range  and  a  shallow  grazing 

angle  (1.8°) 
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Fig.  22b 


*)— Processed  radar  video  for  the  same  data  as  in  Fig.  22a 
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Fig.  23a  Unprocessed  radar  video  data  for  the  small  iceberg  observed  July  26;  1971,  10  to 

20  miles  off  the  coast  of  Newfoundland 
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Fig.  24a  Unprocessed  radar  video  for  the  large  iceberg  observed  July  26,  1971,  10  to  20 

miles  off  the  coast  of  Newfoundland 
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Fig.  24b 


)—Processed  radar  video  for  the  same  data  as  in  Fig.  24a 
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Table  6  (iMet) 

Experimental  and  Normalized  S/(C  +  N)  Ratios  for  the  Targets  That  Were  Analyzed 


Target 

Sea 

State 

Range 

(n.mi.) 

Grazing 

Angle 

(deg) 

me* 

N)  Ratio 

Experimental 

Normalized 

Power 

Normalized 
Power  and  Cross 
Section 

Video 

Processed 

- - 

Video 

Processed 

Video 

Processed 

Lady  Maria 

3 

4.5 

33.3 

10.6 

28.5 

8.6 

26.5 

3.6 

21.5 

3 

6.2 

23.5 

11.3 

32.2 

8.1 

29.0 

2.8 

23.9 

3 

8.1 

17.5 

6.2 

22.2 

1.7 

17.7 

2.1 

18.1 

Owasco 

1 

4.0 

37.7 

3.5 

16,2 

2.8 

15.5 

3.5 

16.2 

1 

4.9 

30.6 

6.4 

22.0 

4.3 

19.9 

3.4 

19.0 

1 

6.9 

21.9 

14.2 

33.6 

13.9 

33.3 

2.5 

21.9 

1 

63.1 

1.8 

5.7 

30.3 

9.4 

26.6 

-1.7 

18.8 

Texaco  Wyoming 

6 

6.0 

24.4 

11.2 

25.0 

9.9 

23.7 

2.8 

16.6 

5 

6.6 

22.0 

14.6 

29.8 

14.3 

29.5 

2.6 

17.8 

5 

7.9 

18.1 

6.7 

25.4 

8.8 

27.5 

2.2 

20.9 

Mobile  Aero 

5 

6.3 

23.1 

13.0 

35,0 

12.1 

34.1 

2.7 

24.7 

5 

8.3 

17.4 

8.6 

29.2 

11.3 

31.9 

2.0 

22.6 

Atlantic  Champagne 

3 

9.9 

14.9 

7.9 

30.8 

9.8 

32,7 

1.8 

24.7 

Tresfonn 

4 

61.5 

1.8 

7.3 

35.1 

7.1 

34.9 

-1.7 

26.2 

Argus  Island 

3 

5.7 

25.8 

7.8 

24.4 

12.2 

28.8 

2. 

19.3 

4 

58.3 

2.2 

10.1 

31.1 

8.9 

30.9 

-1.7 

19.3 

Oil  wells 

3 

5.7 

25.8 

8.0 

30.2 

12.4 

34.7 

2.9 

25.1 

3 

5.7 

25.8 

13.0 

40.8 

17.4 

45.2 

2,9 

30.7 

3 

58.3 

1.8 

11.5 

34.1 

19.8 

42.4 

-1.8 

20.8 

Small  iceberg 

2 

4.5 

33.3 

6.8 

23.8 

5.6 

22.6 

3.6 

20.6 

Large  iceberg 

2 

4.6 

32.5 

9.4 

24.4 

9.9 

25.9 

3.5 

19.5 

required  minimum  of  200  square  meters.  In  Fig.  25  the  points  plotted  are  for  the  ship 
targets  listed  in  Table  6,  and  the  line  then  is  indicative  of  the  processor  S/(C  +  N)  output 
anticipated  from  the  satellite  system  as  a  function  of  the  target-ship  radar  cross  section. 

The  third  set  of  ratios  shown  in  Table  5  result  from  taking  the  data  of  the  preceding 
steps  and  solving  the  radar  equation  for  the  S/{C  +  N)  ratio,  using  a  normalized  radar 
cross  section  of  200  square  meters  in  place  of  the  measured  experimental  radar  cross 
section.  The  third  set  of  ratios  then  shovre,  for  both  a  normahzed  power  level  and  a 
normalized  radar  cross  section,  the  variation  in  S/{C  +  N)  ratios  for  a  mixture  of  factors 
including:  a  variety  of  target,  target  aspects,  and  sea  states;  system  calibration  errors; 
variations  in  system  status  and  performance;  nonoptimum  data  processing;  and  data- 
reduction  timing  errors. 
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Fig.  25  Data-processor  S/(C  +  N) 

output  as  a  function  of  the  radar  cross  sec¬ 
tion  of  the  target  ship 


TARGET- SHIP  RADAR  CROSS  SECTION, O-y  (dBsm) 


(U)  Experience  has  indicated  that  less-than-optimum  measures  of  S/(C  +  N)  ratios  should 
not  be  attributed  to  the  radar  system  per  se  or  to  the  basic  video  data  on  tape.  In  some 
cases  of  an  initial  marginal  measure  of  S/(C  +  N)  ratios,  replays  of  the  same  set  of  data 
with  a  different  integration  feedback  factor  provided  significant  improvement  and  an  ac¬ 
ceptable  level  of  S/(C  +  N).  More  frequently,  a  marginal  value  of  a  measured  S/(C  +  N) 
was  determined  to  result  from  timing  errors  in  the  data-reduction  equipment.  Short-term 
and  long-term  drift  problems  with  the  timing  and  sample-and-hold  circuitry  were  difficult 
to  sense  and  to  control.  Replays  of  the  same  tape  data  with  changes  in  the  sample-and- 
hold  gate  position  by  100  to  200  nanoseconds  could  and  did  make  a  considerable  differ¬ 
ence  in  the  measured  signal  ratios. 

IP)  In  the  third  set  of  S/(C  +  N)  ratios  of  Table  5  the  spread  of  16.2  to  30.7  dB  for  the 
processor  output  is  of  interest  in  that  the  lowest  value  is  better  than  the  level  originally 
specified  for  automatic  target  detection.  Fiurthermore,  experience  indicates  that  given  the 
time  to  optimize  the  data  processor  and  optimally  set  the  sample-and-hold  gate,  the  same 
data  set  that  yielded  a  S/(C  +  N)  ratio  of  16.2  dB  can  reasonably  be  expected  to  result  in 
a  better  ratio.  The  30.7-dB  value,  the  highest  in  this  set  of  ratios,  is  not  for  a  ship  target 
but  oil-well  platforms.  Using  the  experimental  data  as  a  guide,  the  expected  processor 
output  level  for  a  ship  target  vidth  a  200-square-meter  radar  cross  section  is  indicated  to 
be  17.5  dB. 


Autocorrelation  Coefficients 

(U)  The  correlation  between  successive  signal  returns  from  a  target  is  sometimes  measured 
by  the  autocorrelation  coefficient  In  the  notation  of  Jenkins  and  Watts  (13), 

the  discrete-time  autocovariance  estimates  for  observations  of  pulses  Xj,  X2,  — >  from  a 
discrete-time  series  of  pulses  is 
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where 


N-1, 


(2) 


N 


t=l 


Normalizing  the  discrete-time  autocovariance  estimates  with  the  zero-lag  autocovariance 
estimate  yields  the  autocorrelation  coefficient: 


yxx(^)  = 


Cxxik) 

Cxxi^y 


(U)  In  Figs.  26  through  29  plots  of  autocorrelation  coefficients  vs  lags  of  0  to  100  are 
presented  for  a  number  of  specific  conditions.  In  Fig.  26  the  plot  is  for  noise  generated 
by  a  computer  random-number  program.  In  Fig.  27  the  autocorrelation  coefficients  for 


Fig.  26  (Unclassified)— Autocorrelation  coefficients  for  a  noise  sample  derived  from  a  com¬ 
puter  random-number  generator,  weighted  for  a  normal  distribution  of  noise 
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the  system  noise  of  the  test-bed  radar  are  plotted  as  a  function  of  the  lag  window.  Figures 
26  and  27  and  Fig.  28  serve  as  a  reference  and  show  that  for  a  lag  of  1  or  more,  the  auto¬ 
correlation  coefficient  is  low  for  a  noiselike  signal. 


Fig.  27  (Unclassified)— Autocorrelation  coefficients  for  the  system  noise  in  the  receiving 

system  of  the  test-bed  radar 

(•)  Figures  28a  and  28b  are  plots  of  (r)  for  sea  clutter,  with  the  first  based  on  data 
acquired  with  a  nonscanning  antenna  and  the  second  based  on  the  same  antenna  and  clutter 
environment  but  with  the  antenna  scanning.  In  both  cases,  with  a  lag  factor  of  1  the  auto¬ 
correlation  coefficient  is  low,  and  the  implication  is  that  the  clutter  is  essentially  decor- 
related.  The  coefficient  at  a  lag  of  1  for  the  scanning  antenna  is  lower  than  for  the  non¬ 
scanning  antenna;  in  fact  for  the  scanning  antenna  the  complete  plot  from  fe  =  0  to  100  is 
much  like  the  plots  of  for  noise  in  Figs.  26  and  27. 

(•)  Figxire  29a  shows  the  result  of  determining  the  7^^  for  a  clutter  sample  contaminated 
with  data  for  a  ship  target  (the  Owasco).  Accounting  for  the  antenna  rotation  rate,  the 
azimuth  beam  width,  the  radar  pulse  repetition  rate,  and  a  quasi-discrete  target,  approxi¬ 
mately  86  pulses  illuminated  the  ship  per  antenna  scan.  The  contamination  of  the  clutter 
by  about  86  successive  pulses  out  of  a  total  data  sample  of  1024  is  reflected  by  the  high 
and  positive  autocorrelation  coefficient  which  is  maintained  out  to  a  lag  factor  of  85.  In 
Fig.  29b  autocorrelation  data  are  presented  for  the  Owasco  which  were  acquired  with  a 
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Fig.  28a  (Unclassified)— Autocorrelation  coefficients  for  sea  clutter  based  on  data  acquired 

with  a  nonscanning  antenna 


fixed  antenna.  The  fixed  antenna  provided  a  long  sequence  of  successive  pulse  returns 
for  the  duration  of  the  time  that  the  target  was  within  the  3-dB  antenna  azimuth  beam- 
width.  The  plot  shows  that  the  Owasco  was  a  highly  correlated  target. 


Radar  Cross  Sections 

(U)  The  radar  cross  sections  of  various  targets  (Table  5)  calculated  with  test-bed-radar 
data  serve  several  functions:  comparison  with  cross  sections  from  other  radar  systems, 
a  check  on  the  status  and  performance  of  the  radar  system,  and  information  relative  to 
the  azimuth  and  aspect  sensitivity  of  a  target. 

(U)  System  calibration  and  in-flight  calibration  procedures  have  been  mentioned  earlier. 
One  known  weakness  in  the  airborne  data  acquisition  has  been  the  inability  because  of  time 
and  aircraft  availability  to  perform  on-aircraft,  in-flight  measurements  of  the  antenna  pat¬ 
terns  for  the  two  antennas.  Although  such  in-flight  measurements  are  lacking,  the  relative 
detection  capability  and  the  integration  gain  achieved  with  the  digital  data  processor,  can 
still  be  demonstrated. 
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Fig.  28b  (Unclassified)— Autocorrelation  coefficients  for  sea  clutter  based  on  data  acquired 

with  a  scanning  antenna 

(U)  The  uncertainty  in  gain  does  raise  questions  regarding  the  significance  and  the  validity 
of  the  radar  cross  sections  derived  from  the  test-bed-radar  data.  Gain  and  antenna-pattern 
measurements  for  each  antenna  were  made  on  an  antenna  range  and  in  anechoic  chambers. 
The  values  of  gains  from  those  measurements  were  the  values  used  in  Eq.  (1)  for  calcu¬ 
lating  radar  cross  sections.  From  experience  with  similar  aircraft-mounted  antennas  in 
EC-121  aircraft  for  which  on-aircraft  pattern  measurements  were  made,  less  beam  depres¬ 
sion  and  deformation  as  a  consequence  of  being  mounted  on  the  aircraft  would  be  ex¬ 
pected  for  the  small  antenna  looking  down  at  a  steep  (28°)  angle  from  the  aircraft  local 
horizontal  than  would  be  expected  for  the  larger  antenna  whose  mechanical  boresight  is 
almost  on  the  horizon. 

(U)  Lacking  the  on-aircraft  patterns,  the  validity  of  the  cross-section  measurements  is 
enhanced  by  a  comparison  of  values  derived  for  the  test-bed  radar  with  those  of  a  highly 
calibrated  radar.  Reference  14  documents  the  results  of  radar-cross-section  measurements 
of  ships  with  a  calibrated  four-frequency  airborne  radar  system. 

(If)  In  Fig.  30  L-band  radar-cross-section  data  for  horizontal  polarization  on  transmission 
and  reception  has  been  extracted  from  Ref.  14  to  develop  the  six  vertical  bars  and  dashed 
curve .  Each  bar  represents  the  variation  in  radar  cross  section  for  a  specific  ship  over  an 
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data 


aspect  variation  of  +10°  relative  to  the  beam  (90°)  aspect.  The  ±10°  variation  is  selected 
to  provide  for  an  averaging  around  the  beam  and  to  allow  for  the  inexactness  of  deter¬ 
mining  the  aspect  of  a  ship  target  during  data  runs.  The  dashed  curve  is  then  a  representa¬ 
tive  of  the  mean  radar  cross  section  for  a  nominal  beam  aspect  related  to  length  of  the 
target. 

(«)  The  circular  symbol  marks  a  cross  section  for  the  Lady  Maria  derived  from  test-bed- 
radar  data.  The  two  triangular  symbols  mark  similarly  derived  cross  sections  from  two 
different  sets  of  data  for  the  Owasco.  Comparing  the  test-bed-radar  data  points  with  the 
L-band  values  derived  from  Ref.  14  shows  that  the  test-bed  values  are  well  within  the 
bounds  of  the  reference  data  and  by  chance  lie  almost  on  the  dashed  curve  representing 
the  anticipated  mean  radar  cross  section  for  the  nominal  90°  ship  target  aspect. 

(*)  Only  two  test-bed-radar  ship  targets  are  represented  in  the  comparison  of  data  in 
Fig.  30  because  of  the  50-foot  range  of  the  resolution  cell.  A  consequence  of  the  50-foot 
cell  dimension  is  that  few  ship  targets  ever  lie  within  the  bounds  of  a  single  cell.  The 
Lady  Maria  with  a  28-foot  beam  and  the  Owasco  with  a  43-footi:iheam  are  the  only  tar¬ 
gets  analyzed  that  were  capable  of  being  totally  included  within  a  resolution  cell. 

Except  for  the  90°  aspect  of  the  Lady  Maria  and  of  the  Owasco,  none  of  the  other 
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Fig.  29b  Autocorrelation  coefficients  for  the  Owasco  based  on  nonscanning-antenna 
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Fig.  30  (^|^■ife)~-Data  from  Ref.  14  (six  data  bars  for  the  radar- 
cross -section  variation  over  ±10°  of  the  beam  aspect)  and  test-bed- 
radar  data  (three  data  points)  shov^ing  the  relationship  between  ship 
length  and  radar  cross  section  for  the  nominal  beam  aspect  of  the 
target 
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aspects  may  be  compared  directly  with  the  data  in  Ref.  14  (Fig.  31),  nor  may  any  of  the 
other  ship  data  obtained  with  the  test-bed  radar  be  compared  as  directly,  because  (Table  3) 
the  targets  cannot  be  totally  included  within  a  single  resolution  cell. 


Tso  FT 


(a)  Beam  aspect 


— 

>0  FT  ■ 

- - — ^ 

(b)  Bow  aspect 


Fig.  31  (SteiiN;)— Necessity  of  a  beam  aspect  for  the  Owasco  radar  cross 
section  to  be  totally  included  within  a  single  resolution  cell 


(O  The  total  radar  cross  section  of  a  target  that  exists  in  several  adjoining  cells  can  be 
complex  to  assess.  A  simplistic  approach  that  will  be  examined  briefly  is  to  assume  a  high 
degree  of  homogeneity  for  a  target.  The  Owasco  when  viewed  at  a  bow  aspect  yielded  a 
radar  cross  section  of  180  square  meters.  When  viewed  at  a  bow  aspect  (Fig.  31b),  the 
254-foot  Owasco  physically  extended  over  five  successive  resolution  cells.  Assuming  a 
homogeneity  of  radar  cross  section  from  one  cell  to  the  next,  the  radar  cross  section  for 
the  bow  aspect  of  the  Owasco  would  be  5  times  the  single  cell  value,  or  900  square  meters. 
Figure  32  (again  extracting  data  from  Ref.  14)  shows  the  relationship  between  radar  cross 
sections  of  ships  and  their  beam  dimensions.  The  circular  symbols  are  L-band  cross  sec¬ 
tions  for  different  ships  from  Ref.  14  obtained  using  horizontal  polarization  on  transmis¬ 
sion  and  reception.  The  triangular  symbol  is  the  total  bow-aspect  cross  section  for  the 
Owasco  arrived  at  through  the  assumption  of  target  homogeneity.  Using  this  approach, 
the  test-bed-radar  data  are  in  excellent  agreement  with  the  data  of  Ref.  14. 


Fig.  32  Data  from  Ref.  14  and  ob¬ 

tained  with  the  test-bed  radar  showing  BOW 
aspect  radar  cross  sections  of  ships  at  bow 
aspect  versus  ship  width 
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Oil  Wells  and  Icebergs 

(U)  Ocean  oil-well  platforms  and  icebergs  constitute  targets  which  must  be  accounted  for 
and  hopefully  discriminated  from  ship  targets.  Included  in  the  data  acquired  during  flight 
operations  were  a  number  of  runs  in  geographic  areas  where  some  of  these  unique  targets 
may  be  encountered. 

(f)  The  ocean  oil-well  platforms  off  the  Louisiana  coast  start  at  the  shoreline  and  are 
encountered  to  points  40  miles  offshore.  Figure  33  shows  the  distribution  of  wells  in  a 
lO-by-35-mile  area  in  which  data  were  acquired.  In  the  350-square-mile  region  there  were 
30  major  platforms,  making  for  a  density  of  approximately  9  per  100  square  miles.  Radar 
cross  secitons  have  been  developed  for  two  of  the  wells:  1270  and  7220  square  meters. 
Though  not  analyzed,  the  observed  strength  of  returns  from  most  wells  in  the  operating 
area  is  such  that  radar  cross  sections  are  estimated  to  be  in  excess  of  1000  square  meters 
for  each  of  the  observed  oil-well  platforms. 

(•)  Icebergs  also  constitute  unique  geographically  located  ocean  targets.  The  season  geo¬ 
graphical  extent  of  icebergs  is  generally  predictable  (15).  Of  interest  are  the  radar  cross 
sections  and  population  densities  of  icebergs  that  would  be  detected  by  an  ocean- 
surveillance  radar.  The  data  acquired  do  not  have  statistical  significance,  but  they  are  of 
value  as  a  data  sample.  Two  of  the  icebergs  specifically  analyzed  are  shown  in  Fig.  7; 
the  nearer  one  in  the  photograph  had  a  calculated  cross  section  of  320  square  meters, 
and  the  larger  one  had  a  calculated  cross  section  of  860  square  meters.  The  cross  sec¬ 
tions  are  for  single,  unique,  chance  aspects  of  each  iceberg. 

(®)  Based  on  a  count  of  icebergs  detected  on  a  PPI  display,  the  density  of  icebergs  de¬ 
tectable  by  the  test-bed  radar  was  4  per  100  square  miles. 


CONCLUSIONS 

(ft)  Large  and  small  ship  targets  were  detected  with  the  airborne  test-bed  radar  at  steep 
and  shallow  grazing  angles  and  in  sea  states  of  1  to  5.  Analysis  of  the  data  indicates  that 
the  primary  objective  of  detecting  a  200-square-meter  fluctuating  target  with  a  16-dB  data- 
processor  signal  (clutter  plus  noise)  ratio  would  be  realized  with  the  reference  satellite 
radar  sensor. 

(ft)  The  analysis  of  experimental  data  from  six  ship  targets,  for  a  wide  variety  of  grazing 
angles,  relative  aspects,  and  sea  states,  indicates  that  for  scaled  and  equivalent  perform¬ 
ance  the  reference  satellite-borne  radar  sensor  would  for  these  same  ship  targets  have 
data-processor  outputs  for  S/(C  +  N)  ratios  ranging  from  15.5  to  34.9  dB. 

ff)  Data  analysis  indicates  that  for  the  interpulse  intervals  and  scan  rates  used  with  the 
test-bed  radar,  the  sea  clutter  was  decorrelated.  For  the  satellite  system  the  data  analysis 
indicates  that  the  combination  of  the  satellite  orbital  velocity  and  the  scaled  pulse- 
repetition  frequency  will  result  in  equally  decorrelated  sea  clutter. 
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(4)  The  radar  cross  sections  measured  with  the  test-bed  radar  are  based  on  a  pulse  range 
resolution  of  50  feet.  A  comparison  of  cross-section  measurements  made  with  the  test-bed 
system  with  measurements  made  with  other  airborne  L-band  radar  systems  is  valid  only  for 
those  few  targets  that  were  small  enough  and  oriented  so  as  to  be  totally  included  within  a 
single  radar  resolution  cell.  The  required  conditions  did  exist  for  two  of  the  targets,  and  the 
results  of  those  cross-section  measurements  are  in  good  agreement  with  the  results  achieved 
with  a  calibrated  precision  radar. 

(•)  Icebergs  and  ocean  oil-well  platforms  are  unique  ocean  surface  targets  that  may  consti¬ 
tute  a  real  target-discrimination  and  data-handling  problem  for  an  ocean-surveillance  radar 
sensor.  Analysis  of  a  limited  data  sample  for  each  of  these  types  of  targets  indicates  that 
ship-sized  radar  cross  sections  are  the  normal  expectation.  The  observed  population  densi¬ 
ties  in  the  areas  sampled  were  4  icebergs  per  100  square  miles  in  Newfoundland  waters, 
and  9  oil  wells  per  100  square  miles  off  the  Louisiana  coast.  These  densities  are  100  to 
300  times  greater  than  the  densities  associated  with  worldwide  surface-ship  traffic. 
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THE  TEST-BED  RADAR 


System  Description 

(U)  The  test-bed  radar  system  is  composed  of  the  five  subsystem  units  identified  in  the 
following  discussion. 

(U)  Fig.  A1  is  a  block  diagram  of  the  antenna  subsystem,  Unit  1.  Pertinent  performance 
characteristics  of  the  two  antennas  are  included  in  Table  2.  The  two  antennas  are  shown 
in  Fig.  A2.  The  larger  antenna  consists  of  a  parabolic  cylinder  with  a  12-dipole  collinear 
array  feed.  The  smaller  antenna  is  a  2-by-3-dipole-element  array. 

ANTENNA 

PEDESTAL 

r - 1 


TO  RADAR 
CONTROL 

Fig.  A1  (Unclassified )“Unit  1,  the  antenna 
subsystem 


ANTENNA  ANTENNA 
NO.  1  NO.  2 

(0)  The  two  antennas  are  mounted  back-to-back  on  the  antenna  pedestal  and  rotary 
joint  (Fig.  A3).  The  antenna  subassembly  was  mounted  in  the  lower  radome  of  the 
EC-121  aircraft  with  a  fixed  tilt,  so  that  with  a  nominal  ±4.5°  aircraft  deck  angle  in  flight 
the  beam  centers  were  at  1.5°  amd  28°  respectively  for  the  large  and  small  antennas.  In 
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(a)  The  12-dipole  collinear-array-feed  antenna  used  for  shallow-grazing-angle 

data 


(b)  The  2-by-3-element  array  used  for  steep-grazing-angle  data 
Fig.  A2  ( Unclassified  )~The  two  antennas 
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Fig.  A3  (Unclassified)— The  test-bed-radar  antennas,  pedestal,  and  rotary  joint 
mounted  on  NRL  EC-121K,  BUNO  135753 


flight  only  one  antenna  was  used  at  a  given  time.  A  relay-actuated  coaxial  switch  per¬ 
mitted  selection  and  changeover  in-flight  of  either  antenna,  with  RF  power  on. 

(U)  The  antenna  control  and  drive  assembly  permitted  operation  in  one  of  three  modes: 
continuous  clockwise  rotation,  automatic  sector  scan,  and  manual  control.  Constant  ro¬ 
tation  rates  were  selectable  from  0.5®  to  60®  per  second. 

(U)  The  antenna-pedestal  drive  motor  was  equipped  with  a  digital  shaft  encoder.  The 
shaft  encoder  drove  a  digital  antenna  azimuth  angle  display  at  the  radar  control  console. 
Pulse-width-coded  antenna  position  was  derived  from  the  shaft  data,  mixed  with  the  radar 
receiver  video  data,  and  recorded  on  the  wideband  magnetic  tape  recorder. 

(#)  A  block  diagram  of  the  system  transmitter  subassembly,  Unit  2,  is  shown  in  Fig.  A4. 
The  30-MHz  stable  crystal  oscillator  serves  as  the  system  master  reference  oscillator,  pro¬ 
viding  outputs  to  the  receiver  subsystem,  low-power  transmitter  stages,  and  the  data 
processor  subsystem.  Several  multiplier  and  mixer  stages  were  used  to  develop  the  1230- 
MHz  transmitter  frequency.  Two  stages  of  power  amplification  follow  the  final  mixer. 
The  first  stage  was  a  wideband,  transistorized  power  amplifier,  which  provided  3  watts  of 
peak  power  to  drive  the  final  stage,  an  electrostatically  focused  klystron  (ESFK). 

(f )  The  output  of  the  ESFK  was  a  20-microsecond  chirp  pulse  with  a  1230-MHz  center 
frequency.  The  instantaneous  bandwidth  at  the  transmitter  output  was  15  MHz  (3-dB 
point),  and  the  peak  output  capability  was  15  kilowatts. 


30  MHz  1020  MHz  1020  MHz  1230  MHz  1230  MHz  1.5W  PEAK 
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Fig.  A4  Unit  2,  the  transmitter  subsystem  of  the  test<bed  radar 
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(#)  The  ESFK  was  specifically  developed  for  the  test-bed  radar  both  for  providing  the 
pulse  power  required  for  the  airborne  data  acquisition  and  for  obtaining  experience  and 
data  for  assessing  a  type  of  tube  that  was  considered  to  have  a  potential  for  use  in  a 
space-borne  radar  sensor.  Major  parameters,  specifications,  and  contractor  test  data  for 
the  ESFK  are  presented  in  Appendix  B. 

(U)  In  normal  use  the  transmitter  was  not  operated  at  power  levels  above  6  kilowatts 
peak  power.  Effective  transmitter  power  levels  were  reduced  through  reductions  in  the 
ESFK  cathode  voltage  and  through  the  use  of  calibrated  attenuators  in  the  receiver  input 
line. 

(#)  The  receiver  subsystem,  Unit  3,  is  shown  in  Fig.  A5.  The  first  stage  of  the  receiver 
was  a  wideband  (1.0  to  2.0  GHz)  low-noise  (4.5  dB)  traveling-wave-tube  amplifier.  The 
system  noise  figure,  including  line  losses,  the  TWT  noise  figure,  and  the  first-IF  noise 
figure,  was  10.9  dB. 

(|^)  Pulses  were  expanded  and  compressed  with  an  Anderson  Laboratories  dispersive- 
delay-line  assembly.  The  pulse  expander  and  compressor  used  separate  strip  delay  lines 
made  from  metal  strips  for  the  receiver  expansion  and  compression  channels.  The  center 
frequency  of  the  unit  was  30  MHz,  the  dispersive  bandwidth  was  14  MHz  (3  dB),  and  the 
dispersion  delay  was  20  microseconds.  The  pulse  expander  output  to  the  transmitter, 

Unit  2,  was  a  gated  and  amplitude-limited  pulse.  In  the  receiver  pulse-compression  chan¬ 
nel,  limiting  was  not  employed,  but  amplitude  weighting  of  the  received  signal  by  hamming 
was  used  to  achieve  “35-dB  suppression  of  range  sidelobes  and  an  effective  pulse  compres¬ 
sion  ratio  of  200:1  with  a  3-dB  compressed  pulse  length  of  0.1  microsecond. 

(||)  The  receiver  minimum  detectable  signal,  based  on  a  measurement  with  a  noncoherent, 
pulse,  L-band  signal  source  was  approximately  —105  dBm.  Considering  the  matched-filter 
gain  of  20  dB  for  the  pulse-compression  system,  the  receiver  minimum  detectable  signal 
was  approximately  -125  dBm.  The  receiver  bandwidths  measured  before  and  after  pulse 
compression  were  20  and  14  MHz  respectively.  The  dynamic  range  of  the  complete  re¬ 
ceiver  subsystem  was  25  dB. 

(0)  A  block  diagram  for  Unit  4,  the  system  digital-data-processing  subsystem  is  shown  in 
Fig.  A6.  The  processor  derived  all  of  the  radar-system  timing  pulses  from  the  30-MHz 
signal  generated  by  the  transmitter  stable  local  oscillator  (Fig.  A4).  These  timing  pulses 
were  in  turn  distributed  from  the  processor  to  the  transmitter,  receiver,  antenna,  and 
control/monitoring  subsystems.  Within  the  processor,  timing  pulses  were  developed  for 
each  of  the  two  PRF  rates  and  for  each  of  the  15  available  processor  range  delays. 

(^)  The  radar  video  in  the  receiver  was  sampled  at  a  10-MHz  rate  by  a  high-speed 
analog-to -digital  (A/D)  converter.  These  samples  were  applied  to  a  1265-word  integrator 
which  accepted  data  for  integration  only  over  the  time  interval  corresponding  to  the  par¬ 
ticular  10-mile  range  interval  selected  for  data  processing. 
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VIDEO  FROM 
RECEIVER 


Fig.  A6  (fi8ii4i)~Unit  4,  the  digital-data  processing  subsystem 


The  radar  video  was  also  processed  by  a  40-kHz  low-pass  filter  to  provide  an  average 
clutter-plus-noise  level,  filtering  out  the  effects  of  ship-sized  targets  which  may  have  been 
present  in  the  clutter  sample. 


(if)  In  the  detection-threshold  circuitry  the  output  of  1250-word  signal  integrator  and  the 
five-word  clutter  integrator  were  compared.  A  detection  pulse  was  generated  whenever 
the  signal  level  was  above  a  specified  clutter  threshold.  Detailed  circuit  diagrams,  descrip¬ 
tions,  an  analysis  of  the  processor  functions,  and  a  discussion  of  subsequent  data  proc¬ 
essing  and  analysis  are  the  subject  of  NRL  Report  7317  (Al). 


(U)  A  block  diagram  of  Unit  5,  the  radar-system  control  and  monitoring  center  is  shown 
in  Fig.  Al.  Included  in  this  unit  are  the  controls  for  the  interface  with  the  aircraft  elec¬ 
trical  system,  controls  for  the  solid-state  inverters  used  as  secondary  power  sources  and  as 
power  conditioners,  the  radar  system  operating  controls,  the  monitoring  and  calibration 
instrumentation  and  controls,  photographic  and  magnetic  tape  recording  equipment,  and 
analog  display  equipment. 


Aircraft  and  Radar  Configuration 


(U)  The  test-bed  radar  was  installed  in  an  NRL  Super  Constellation  aircraft,  EC-1 2  IK, 
BUNO  135753  (Fig.  A8).  The  aircraft  was  equipped  with  a  standard  APS-45  upper 
radome,  APS-20  lower  radome,  and  wing-tip  tanks. 
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Fig.  A7  (Unclassified)^Unit  5,  the  test»bed-radar  control  subsystem 


Fig.  A8  (Unclassified)— The  NRL  EC>121K,  BUNO  135753,  used  as  a  platform 

for  the  test-bed  radar 


(•)  Figure  A9  shows  the  installed  test-bed-radar  equipment  inside  the  aircraft.  The  sys¬ 
tem  was  assembled  using  a  maximum  of  standard  commercial  components  and  sub- 
etssemblies.  As  a  consequence  the  test-bed  system  is  not  representative  of  materials,  fabri¬ 
cation  techniques,  and  packaging  which  would  be  used  for  a  lightweight  satellite-bome 
radar  system. 

(U)  The  major  units  were  the  system  control  console  and  transmitter  (355  lb),  a  h^h- 
voltage  power  supply  and  modulator  (710  lb),  a  receiver  and  low-level  exciter  rack  (375 
lb),  a  data-processor  rack  (518  lb),  a  dual-mount  antenna  and  pedestal  (163  lb),  a  PPI 
(160  lb),  and  four  solid-state  frequency  converters  (86  lb  each)  for  a  total  installed  weight 
of  2625  pounds. 

(U)  Total  power  requirements  for  the  radar  system  and  instrumentation  were  3000  watts 
of  single-phase,  60-hertz,  115-volt  ac,  200  amperes  of  28-volt  dc,  1000  watts  of  single- 
phase,  400-hertz,  115-volt  ac;  and  1000  watts  of  three-phase,  400-hertz,  115-volt/phase  ac. 


mil 


NRL  REPORT  7388 


(a)  View  looking  aft 

Fig.  A9  (Unclassified) — Aircraft  installation  of  the  test-bed 

radar 
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(b)  View  looking  forward  with  the  radar  control  console  in 
the  foreground 

Fig.  A9  (Unclassified)— Aircraft  installation  of  the  test-bed 

radar 


APPENDIX  A  REFERENCE 

Al.  R.K.  Baldauf  and  L.M.  Leibowitz,  “Digital  Signal  Processor  for  a  Test-Bed  Ocean 
Surveillance  Radar,”  NRL  Report  7317  (InVt  Report,  Unclassified  title),  Aug.  26, 
1971. 


APPENDIX  B  (SMMt) 

THE  LITTON  INDUSTRIES  ELECTROSTATICALLY  FOCUSED  KLYSTRON 


(U)  Litton  Industries  developed  two  L-5428  electrostatically  focused  klystrons  (ESFKs) 
for  NRL  use  in  the  test-bed  radar.  The  operating  parameters  and  minimum  performance 
goals  for  the  tubes  are  compared  with  the  test  data  in  Table  Bl.  The  first  klystron  developed, 
tube  S/N-1,  though  satisfactory  for  use  in  the  test-bed  radar,  did  not  meet  the  goal  specified 
for  minimum  gain  and  was  marginal  on  bandwidth  and  efficiency .  After  the  assembly  and 
initial  evaluation  testing  of  S/N-1,  Litton  proposed  that  they  be  authorized  to  add  an  addi¬ 
tional  cavity  to  the  original  tube  design  to  achieve  better  bandwidth,  gain,  and  efficiency. 

The  design  change  was  authorized,  and  S/N-2  did  result  in  significantly  improved  perform¬ 
ance  with  a  modest  penalty  of  increased  length  and  we^ht. 

(U)  The  Litton  driver-modulator  test  set  was  not  capable  of  being  operated  at  the  pulse 
lengths  required  for  the  test-bed  radar,  and  all  factory  tests  were  performed  with  shorter 
pulse  and  higher  repetition  rates  to  demonstrate  the  peak  and  averse  power  capabilities 
of  the  tubes.  Additionally  the  Litton  test  set  was  not  equipped  for  chirp  modulation, 
and  bandwidth  performance  was  demonstrated  with  the  pulsed  CW  RF  drive  being  set  at 
discrete  frequencies. 

(U)  Testing  of  the  ESFKs  at  NRL  and  in  the  project  aircraft  disclosed  serious  problems. 
Both  tubes  suffered  catastrophic  failure  throu^  fractures  of  the  ceramic  windows  in  the 
coaxial  output  sections  of  the  tubes.  One  failure  (S/N-2)  occurred  at  NRL,  and  the 
second  failure  (S/N-1)  occurred  on  the  aircraft.  Tube  disassembly,  inspection,  and  failure 
analysis  was  performed  by  Litton.  The  failures  resulted  from  the  incorrect  dimensioning 
of  the  center  conductor  of  the  coaxial  output  of  the  tube.  The  incorrect  dimensioning 
resulted  in  overstressing  of  the  ceramic  window  when  commercial  bullet  connectors  and 
external  coaxial  transmission  lines  were  mated  to  the  tube  output  connector.  Both  tubes 
were  rebuilt  by  Litton  under  the  warrantee  provisions  of  the  development  contract.  The 
rebuilt  tubes  were  delivered  with  modified  center  conductors  which  have  provided  trouble- 
free  service. 

(fl)  Both  tubes  exhibited  objectionable  in-band  power  instabilities  at  several  discrete  fre¬ 
quencies.  NRL  tests  made  with  a  pulsed  CW  drive  revealed  several  discrete  frequencies 
(one  near  the  band  center,  1232  MHz)  for  which  power  on  a  pulse-to-pulse  basis  varied 
by  3  to  6  dB.  The  discrete-frequency  power  instability  was  not  evident  when  the  chirp- 
modulated  drive  was  applied  to  an  ESFK. 

(fl)  Measurements  of  output  power  versus  cathode  voltage  made  at  NRL  did  not  satis¬ 
factorily  approximate  similar  measurements  reported  by  Litton.  As  an  example  Litton 
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reported  a  peak  power  output  of  21.3  kW  with  a  20-kV  cathode  voltage  for  S/N-1, 
whereas  the  highest  output  measured  at  NRL  was  14  kW  with  a  21.5-kV  cathode  volts^e. 
The  major  difference  between  the  NRL  and  Litton  test  sets  was  that  Litton  conducted 
tests  with  a  14-microsecond  pulse  length  and  pulse  repetition  rates  of  343  and  451  pulses 
per  second,  whereas  NRL  tests  were  conducted  with  a  20-microsecond  pulse  length  and  a 
repetition  rate  of  62.5  pulses  per  second. 

(U)  Time  has  not  permitted  a  verification  of  the  aging  characteristics  of  both  tubes,  but 
tube  S/N-2  has  exhibited  a  serious  aging  characteristic.  During  the  initial  periods  of  use, 
the  application  of  a  fixed  level  of  cathode  voltage  immediately  resulted  in  a  stable  level  of 
power  output.  After  200  hours  of  operating  time  including  over  100  airborne  hours  the 
initial  application  of  a  fixed  level  of  cathode  voltage  would  be  followed  by  a  20  to  25 
minute  period  before  the  power  output  reached  stable  operation. 

(U)  During  the  phase  of  the  program  reported  here  the  total  operating  time  accumulated 
on  the  two  tubes  during  use  at  NRL  or  in  the  project  aircraft  was  411  hours. 


APPENDIX  C  (: 


) 


SCALED  ANTENNA  SPEEDS  AND  PEAK  POWERS 


(!)  Figures  Cl  and  C2  are  nomographs  giving  the  values  of  antenna  rotation  speeds  for 
the  test-bed  radar  that  are  scaled  to  the  sweep  of  the  proposed  satellite-borne  ocean- 
surveillance  radar.  The  two  figures  are  for  the  two  test-bed-radar  subsystems  scaled  for 
the  two  most  critical  regions,  Fig.  Cl  being  for  the  steepest  grazing  angles  and  Fig.  C2 
being  for  the  shallowest  grazing  angles.  Tables  Cl  and  C2  give  the  peak  power  values 
scaled  for  these  regions. 


RANGE  AT  BROADSIDE  (NAUTICAL  MILES) 

Fig.  Cl  (JBP^I^-A***®****^  rotation  speeds  for  the  test-bed- 
radar  subsystem  scaled  for  the  near-range  steep  grazing 
angles  of  a  satellite -borne  radar 
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Fig.  C2  Antenna  rotation  speeds  cj  for  the  test-bed-radar  sub¬ 

system  scaled  for  the  far-range  shallow  grazing  angles  0  of  a  satellite- 
borne  radar 
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Table  C2  (iOlN;) 

Values  of  the  Peak  Power  for  the  Shallow-Grazing-Angle  Subsystem  at  the 
Closest  Approach  to  a  Target  with  a  Radar  Cross  Section  of  200  Square  Meters  as 
Scaled  to  the  Values  for  a  Satellite-Borne  Radar 


UNCLASSIFIED 


APPENDIX  D  (Unclassified) 
DEFINITION  OF  UNITS  IN  EQUATION  (1) 


INTRODUCTION 

The  levels  of  RF  power  shown  in  Tables  Cl  and  C2  were  calculated  in  a  computer 
program  using  Eq.  (1),  a  version  of  the  basic  radar  equation.  Certain  parameters  which 
appear  as  factors  in  the  equation  should  be  discussed  in  detail.  These  are  the  antenna 
gain  (G),  the  system  transmitting  losses  (L),  and  the  receiving  system  noise  power  (Nq). 


ANTENNA  GAIN,  G 


The  values  of  the  antenna  gain  at  beam  center  for  the  two  subsystems  were  listed  in 
Table  2:  13.3  dB  for  the  steep-grazing-angle  system  and  22.2  dB  for  the  shallow-grazing- 
angle  system.  Since,  in  general,  the  target  was  not  at  the  depression  angle  which  cor¬ 
responds  to  beam  center,  it  was  necessary  to  take  into  account  the  effect  of  the  vertical 
pattern  on  antenna  gain.  For  this  purpose  the  following  function  was  used  to  approxi¬ 
mate  the  real  antenna  power  pattern: 


G  = 


16 


(Dl) 


where  Gq  is  the  antenna  gain  at  beam  center  and 

x  =  F  sm{\pQ-  \Ij) 

in  which  F  is  a  factor  relating  to  antenna  size,  \pQ  is  the  depression  angle  to  the  beam  center, 
and  i//  is  the  depression  angle  to  the  target. 

Equation  (Dl)  describes  the  pattern  of  a  rectangular  aperture  with  a  cosine-tapered 
illumination  and  sidelobes  of  approximately  25  dB.  To  relate  this  gain  function  to  the 
actual  vertical  power  pattern,  the  factor  F  was  evaluated  so  that  the  theoretical  relative 


Note:  This  appendix  is  essentially  the  same  as  Appendix  A  in  Ref.  Dl. 
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gain  matched  the  actual  relative  gain  at  the  half -power  points  of  the  pattern.  That  is,  the 
following  equation  was  solved  for  F: 


^0 


16 


cos 


-I  2 


T-  ) 


=  0.5, 


(D2) 


in  which  7o  is  the  measured  vertical  half-power  beamwidth  of  the  antenna. 

Equation  (D2)  yielded  F  =  11.03  for  the  shallow-grazing-angle  subsystem  and  F  = 
5.74  for  the  steep-grazing-angle  subsystem.  Using  these  factors,  Eq.  (Dl)  was  then  solved 
for  antenna  gain  for  the  appropriate  value  of  depression  angle. 


SYSTEM  TRANSMITTING  LOSSES,  L 

The  losses  on  transmission  enter  into  the  loss  factor  L  in  the  denominator  of  the 
radar  equation.  Table  Dl  lists  these  losses  for  both  subsystems  and  notes  (under  “Justi¬ 
fication”)  how  the  loss  values  were  obtained.  As  indicated  by  the  table  the  tropospheric 
absorption  was  a  constant  for  the  steep-grazing-angle  subsystem.  However,  at  shallow 
grazing  angles  this  loss  factor  did  vary,  both  with  grazing  angle  and  with  range.  Table  D2 
shows  values  for  the  tropospheric  loss  factor  in  the  region  of  interest.  These  values  were 
obtained  from  cmrves  presented  in  Ref.  D2.  For  determining  the  tropospheric  loss  in  the 
computer  program,  equations  were  used  which  gave  straight-line  approximations  to  these 
values  with  grazing  angle  as  the  dependent  variable. 


Table  Dl 

System  Transmission  Losses  for  the  Shallow-Grazing- Angle  Subsystem 
and  the  Steep-Grazing-Angle  Subsystem 


Loss 

Symbol 

Magnitude  of  Loss 
(dB) 

Justification 

Shallow  Angle 

Steep  Angle 

Transmission  line* 

Lt 

1.75 

1,75 

By  measurement 

Antenna  pattern 

Lp 

1.60 

1.60 

Ref.  D2 

Radome  (two-way)t 

Ld 

1.00 

1.00 

Calculated  (Ref.  D3) 

Tropospheric  absorption 

L„ 

See  Table  D2 

0.10 

Fig.  22  in  Ref.  D2 

*Transniission-Une  loss  from  the  antenna  terminals  to  the  directional  coupler  where  the  transmitter  power  is 
monitored. 

fTo  be  rigorous,  only  half  the  total  radome  loss  should  be  applied  here  and  the  other  half  should  be  ac¬ 
counted  for  in  the  receiving-system  noise  temperature  calculation.  For  the  sake  of  simplicity,  however,  the 
entire  loss  is  applied  here. 
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Table  D2 

Two-Way  Tropospheric  Absorption  at 
1230  MHz  and  Shallow  Grazing  Angles 


Range 

(n.mi.) 

Absorption  (dB) 

0° 

0.5° 

1.0° 

2.0° 

50 

1.05 

0.95 

0.90 

0.80 

60 

1.20 

1.15 

1.05 

0.90 

70 

1.40 

1.30 

1.20 

1.00 

80 

1.60 

1.45 

1.30 

1.10 

RECEIVING-SYSTEM  NOISE  POWER,  Nq 

The  losses  in  the  receiving  system  are  accounted  for  in  terms  of  the  receiving-system 
noise  power  Nq.  Blake  (D2)  discusses  the  concept  of  system  noise  temperature,  which  is 
related  to  system  noise  power  by  the  equation 


T 

*  k  ' 


(D3) 


in  which  Tg  is  the  overall  receiving-system  noise  temperature,  is  the  available  noise 
power  of  the  receiving  system,  is  the  noise  bandwidth  of  the  receiver,  k  is  Boltzmann’s 
constant  (1.3805  watt-sec/K°),  and  Nq  is  the  noise  power  per  unit  bandwidth,  the  form 
of  the  parameter  as  used  in  the  radar  equation. 


As  Blake  shows,  each  of  the  components  of  the  receiving  system  contributes  its  own 
effective  noise  temperature,  so  that  the  overall  system  noise  temperature  is 

T,  =  T„  +  T,  +  L,T„  (D4) 

in  which  is  the  antenna  noise  temperature,  is  the  transmission-line  noise  temperature, 
Lj.  is  the  transmission-line  loss  factor,  and  Tg  is  the  noise  temperature  of  the  receiver. 


Antenna  Noise  Temperature 

If  the  sea  is  assumed  to  be  a  perfect  (not  necessarliy  specular)  reflector  at  1230  MHz, 
then  the  effective  noise-temperature  contribution  from  the  antenna  is 


+  290(L„  - 1) 
La 


(D5) 
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in  which  is  the  loss  in  the  antenna,  estimated  to  be  0.6  dB  (or  a  loss  factor  of  1.15) 
for  both  subsystems  and  is  the  temperature  of  extraterrestrial  noise  sources  as  given 
by  Fig.  11  in  Ref.  D2.  For  shallow  grazing  angles  (approximately  1°) 

r;  =  65°l!:, 

and  for  steep  grazing  angles  (approximately  25° ) 

T^,  =  22°li:. 

After  substituting  the  appropriate  values  into  Eq.  (D5),  the  resultant  antenna  noise 
temperature  was  found  to  be  94°i!:  for  the  shallow-grazing-angle  subsystem  and  hTK  for 
the  steep-grazing-angle  subsystem. 


Transmission-Line  Noise  Temperature 

For  a  transmission  line  with  a  loss  factor  the  noise  temperature  is 

Tr  =  290(L,.  -  1).  (D6) 

The  measured  line  loss  between  the  antenna  and  the  receiver  in  the  test-bed  system  was 
5.9  dB,  corresponding  to  a  loss  factor  of  3.89  (the  antilog  of  5.9/10).  Using  this  value  in 
Eq.  (D6),  the  transmission-line  noise  temperature  was  found  to  be  838°iL  (for  both  sub¬ 
systems). 


Noise  Temperature  of  the  Receiver 

The  effective  noise  temperature  of  a  receiver  with  a  noise  factor  NF  is 

Tg  =  290(NF  - 1).  (D7) 

The  receiver  used  in  the  airborne  test-bed  system  had  a  noise  figure  of  4  dB,  which  cor¬ 
responds  to  a  factor  of  2.51.  Thus  from  Eq.  (D7)  the  receiver  had  a  noise  temperature 
of  438°R:. 


Overall  System  Noise  Power 

Substituting  the  preceding  component  noise  temperatures  into  Eq.  (D4),  values  for 
system  noise  temperature  were  found  for  each  of  the  subsystems.  The  product  of  system 
noise  temperature  and  Boltzmann’s  constant  gave  the  overall  system  noise  power  per  unit 
bandwidth  .  The  results  are  listed  in  Table  D3. 
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Table  D3 

System  Noise  Power 


Subsystem 

System  Noise  Temperature 
(°K) 

Noise  Power  Per  Unit  Bandwidth 
(watt-sec) 

Shallow  grazing  angle 
Steep  grazing  angle 

2636 

2599 

3.639  X  10-20 

3.588  X  10-20 

THE  CALCULATION  OF  RF  POWER 


To  calculate  the  RF  power  required  in  the  test-bed  system  for  simulating  the  detec¬ 
tion  performance  of  the  reference  system,  the  form  of  the  radar  equation  given  as  Eq.  (1) 
was  used,  namely. 


NoiPRF)Rl 


P  = 

^  av 


C  +  N 


G2  X2  s.{n)  Orj. 


^  \C  +  N 
^Mc), 


To  convert  to  pulse  power,  which  is  the  parameter  that  was  monitored  in  the  test-bed 
system,  the  following  supplemental  equation  was  used: 


p  - _ *  av _ 

P  (PRF)  {PCR)  ‘ 

The  symbols  in  these  equations  have  the  following  definitions  and  values: 

Pgy  =  average  transmitter  power  in  watts. 

Pp  =  pulse  power  in  kilowatts  which  corresponds  to  the  calculated 
average  power. 

K  =  (1852  meters/nautical  mile)^  =  11.76424  X  10^2 
(47r)3  =  1.984402  X  103. 

Tq  =  compressed  pulselength  in  seconds. 

=  receiver  noise  bandwidth  in  hertz. 


^cBn  =  1- 
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JiJq  =  receiving  system  noise  power  per  unit  bandwidth  (discussed  previ¬ 
ously  in  this  appendix)  in  watts  per  hertz. 

(PRF)  =  the  pulse  repetition  frequency  in  pulses  per  second 

=  39.0  pps  for  the  shallow-grazing-angle  subsystem 

=  62.5  pps  for  the  steep-grazing-angle  subsystem 

R,  =  radar  slant  range  in  nautical  miles. 

8 


=  integrated  signal  (clutter  plus  noise)  ratio  required  for  a  probability 
of  detection  of  0.90  for  fluctuating  targets  and  a  probability  of 
false  alarm  of  10-1° .  This  ratio  is  a  function  of  integration  time. 
In  the  computer  program  the  required  value  of  S/{C  +  N)  was 
calculated  from  equations  based  on  Fig.  10  of  Ref.  D4. 


L  =  system  transmitting  losses  (Table  Dl). 


G  =  antenna  gain  (discussed  previously  in  this  appendix). 


X  =  wavelength  in  meters 
=  0.24373  (1230  MHz). 

S,-(n)  =  integration  improvement  factor.  The  following  equations  are  ap¬ 
proximations  to  Fig.  2.24  in  Ref.  D5;  these  equations  give  values 
for  the  integration  improvement  factor  when  n  pulses  are  inte¬ 
grated: 

=  1.01  n0.944,i<„<4, 

=  1.282  no  'll®,  4  <  n  <  20, 

=  1.675  nO-688^  20  <  n  <  100, 

=  2.59  n0  ®03,  n  ^  100, 


in  which 

n  =  (dl03)  (PRF), 

where  d  is  the  effective  azimuth  beamwidth  in  radians  and  co  is  the 
rotational  velocity  of  the  antenna  in  radians  per  second. 


UNCLASSIFIED 


UNCLASSIFIED 


NRL  REPORT  7388 


71 


Oy  =  the  average  cross  section  of  a  fluctuating  target  in  square  meters 
=  200  square  meters  in  this  jmalysis. 

=  effective  radar  cross  section  of  sea  clutter  within  a  resolution  cell 
=  Oq  K-^  Rg  e  ^  sec  0, 


in  which 

Oq  =  backscattering  coefficient  of  the  sea,  which  is  dependent  on  fre¬ 
quency  and  grazing  angle, 

Ki  =  conversion  factor  between  square  nautical  miles  and  square  meters 

=  3.429904  X  lO®  m2/(n.m.i.)2, 

Rg  =  slant  range  in  nautical  miles, 

c  =  speed  of  light 

=  1.61875  X  10®  n.m.i./sec,  and 

0  =  grazing  angle  at  the  earth’s  siuface 

/  cos  0  (r.  +h)\ 

=  arccos^ - - j  , 


where 

=  earth  radius 

=  3440.0  n.m.i. 

h  =  aircraft  altitude  in  nautical  miles,  and 

\p  =  depression  angle  measured  at  the  radar  platform. 

=  integration  improvement  factor  modified  from  Sj{n)  for  partial  cor¬ 
relation  of  sea  clutter.  When  the  product  of  the  decorrelation 
time  (Trf)  and  pulse  repetition  frequency  (PRF)  is  less  than  unity 
(no  correlation  between  pulses),  =  S,(n)  as  defined  previ¬ 

ously.  When  X  (PRF)  >  1  (partial  correlation  between 
pulses),  iS,(n^)  is  determined  from  S,(n)  with 


ne=n/[rd(PRF)], 
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where 

=  decorrelation  time 

=  x/(0  Vt), 

in  which 

V^  =  velocity  of  aircraft 
=  311  feet/sec. 

PCR  =  pulse  compression  ratio 
=  200 
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ABSTRACT 

Ij9)  To  validate  various  theoretical  models  used  in  the  design  and  specification  of  a  proposed 
satellite-borne,  ship-detection,  ocean-surveillance  radar,  an  airborne  test-bed  radar  system  has  been  de¬ 
veloped  and  used  to  acquire  experimental  data.  The  major  operating  and  performance  parameters  of 
the  test-bed  radar  are  either  identical  to  or  are  scaled  to  the  equivalent  parameters  of  the  satellite 
sensor. 

(0)  The  analysis  of  experimental  data  acquired  with  the  test-bed  radar  indicates  that  the  satellite  radar 
system  should  meet  the  objective  of  automatically  detecting  ship  targets  with  radar  cross  sections  equal 
to  or  greater  than  200  square  meters.  The  analysis  of  the  experimental  data  covers  a  variety  of  ships, 
ship  aspects,  ship  lengths,  sea  states,  and  grazing  angles.  All  of  the  ship-target  data  analyzed  resulted  in 
measures  of  processed-radar-video  signal/ (clutter  plus  noise)  ratios  (S/(C  +  N))  greater  than  16  dB.  The 
same  data  normalized  for  a  satellite  sensor  system  indicates  that  the  16-dB  S/{C  +  N)  required  for  auto¬ 
matic  detection  would  be  realized  for  200-square-meter  ship  targets. 

(U)  The  experimental  data  confirm  that  for  the  0.016-second  interpulse  time  period  the  sea  clutter  is 
for  practical  purposes  completely  decorrelated. 
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